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Prepulse inhibition is a type of sensorimotor gating
that is disrupted in some neuropsychiatric disorders.
Its cellular basis has eluded investigators but now,
using a molluscan model system, a cellular mecha-
nism has been established.
Sensorimotor gating, defined as the state-dependent
regulation of transmission of sensory information to a
motor system, is coming of age. It has been known for
decades that sensory information does not have unfet-
tered access to its targets in the central nervous system
(CNS), as has the fact that sensorimotor gating often
occurs via presynaptic inhibition of the activated
sensory neuron(s) [1]. This past year, however, for the
first time a behavioral role for the presynaptic inhibition
of proprioceptive input in mammals has been described
[2,3]. Furthermore, new cellular mechanisms underlying
sensorimotor gating are being revealed [4]. And now,
we have the first cellular-level mechanism for a type of
sensorimotor gating called prepulse inhibition  [5].
Prepulse inhibition is the process whereby a relatively
mild stimulus — the prepulse — acts through CNS
synapses to suppress the response to a strong, startle-
eliciting stimulus when the prepulse precedes the
startle stimulus by a brief duration (in mammals, about
10–500 milliseconds). A lot of research effort has been
devoted to elucidating the neuronal basis of prepulse
inhibition, because a reduction in prepulse inhibition
occurs in several cognitive disorders, including schizo-
phrenia, Huntington’s disease and obsessive–compul-
sive disorder [6]. In vertebrate models of prepulse
inhibition, research has focused on specific brainstem
nuclei and implicated certain neurotransmitter systems,
but no cellular-level mechanism has been identified [7]. 
In parallel to these studies in mammals, an
invertebrate animal model was developed which has the
hallmarks of vertebrate prepulse inhibition [8]. Briefly,
either touching the skin or electrically stimulating a
peripheral sensory nerve evokes a startle response con-
sisting of escape swimming in the marine mollusc Trito-
nia diomedea. The neuronal circuit that mediates this
response is well-defined at the cellular level [9,10]. With
this background, Bill Frost and colleagues [8] used the
intact animal as well as semi-intact preparations to
show that the swim response is suppressed when the
swim-eliciting stimulation is preceded by a light touch
to a different region of the animal. 
This has now been extended by making multiple,
simultaneous intracellular recordings in the isolated
Tritonia CNS to identify the neurons and synapses that
mediate this example of prepulse inhibition [5]. The
new work focuses on the ability of a population of
identified touch-sensitive (S) sensory neurons in
Tritonia to transduce both light touch and stronger,
startle-eliciting touch, and the fact that different S
neurons have distinct receptive fields representing
different parts of the body surface. Either a light touch
to any region of the body or sensory nerve stimulation
selectively activates a newly identified interneuron,
PI 9, which presynaptically inhibits all S neurons —
reducing or eliminating S neuron synaptic actions —
and postsynaptically inhibits some downstream swim-
circuit neurons. The presynaptic actions of PI 9 are
pivotal for suppressing transmission of the startle-elic-
iting stimulus. Taking advantage of the ready intracel-
lular access to multiple neurons afforded by this animal
model, Frost et al. [5] have further shown, by direct
intracellular stimulation and selective photoablation,
respectively, that PI 9 is both sufficient and necessary
to mediate prepulse inhibition.
The classification of the PI 9 action on the S neurons
as presynaptic inhibition and not standard postsynaptic
inhibition might seem surprising, given that the PI 9
synapse can be recorded intra-somatically in S neurons.
Presynaptic inhibition is commonly defined as an axo-
axonic synapse that reduces the amplitude and dura-
tion of a propagating action potential invading the axon
terminal, thereby reducing or preventing transmitter
release (Figure 1A) [1,11]. Generally, axo-axonic
synapses are too distant, electrotonically, to be
recorded intra-somatically. In contrast, postsynaptic
inhibition is commonly recorded intra-somatically, as in
the case of the PI 9 to S neuron synapse. But postsy-
naptic inhibition reduces the likelihood of spike initiation
in the inhibited neuron (Figure 1C), whereas in S
neurons, spike initiation is not affected because their
spike initiation zone is at the sensory transducing site
outside the CNS (Figure 1B). Thanks to the small scale
of the Tritonia system and its large neurons, Frost et al.
[5] were able to show directly that this presynaptic inhi-
bition does indeed reduce the synaptic actions of the S
neurons. Imagine that the somata of vertebrate muscle
spindle afferents — proprioceptors — were located
inside the spinal cord, instead of in the dorsal root gan-
glion as in Figure 1A. Then, intra-somatic recordings of
these neurons would also reveal the presence of the
presynaptic events at their terminals, as in Figure 1B. 
One other aspect of this study [5] might give pause to
readers familiar with the events that define prepulse
inhibition in vertebrate systems. Specifically, in Tritonia
the prepulse can occur as much as 2.5 seconds before
the startle stimulus and still enable prepulse inhibition,
in contrast to the much briefer latency — less than 0.5
second — in mammalian prepulse inhibition. But Trito-
nia does not live in the fast lane, as its metabolism is set
by the ambient temperature of the waters in and around
Puget Sound, Washington, USA. For example, each
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cycle of dorsal–ventral flexion that defines one cycle of
swimming takes about 10 seconds, with the entire
episode of swimming lasting 30 seconds or more. In
contrast, the typical startle response in mammals is
over in several hundred milliseconds. Moreover, the
natural predators of Tritonia that elicit the mollusc’s
swim startle response, such as the seastar Pycnopodia
helianthoides, are themselves slow moving creatures.
So the relatively long time window that enables pre-
pulse inhibition in Tritonia is not extraordinary when
considered in the context of the world it inhabits.
How likely is it that the same cellular mechanisms
underlie prepulse inhibition in a marine mollusc and a
mammal? The history of model systems tells us that
investigators studying prepulse inhibition in the
vertebrate CNS would benefit from using these Tritonia
results as a primer. While the odds are high that the
details will differ, there is likely to be a conservation of
concept. In fact, recent studies suggest that presynap-
tic inhibition in the mammalian brain does indeed con-
tribute to prepulse inhibition ([12] and Diego Contreras,
personal communication). Moreover, the ability of the
presynaptic inhibition underlying prepulse inhibition in
Tritonia to not only suppress the startle response, but
also to control the full flow of sensory input to the CNS
from the S neurons, resonates with a long-postulated
mechanism for prepulse inhibition in mammals [13].
Conservation of concept is further indicated by the fact
that invertebrates and vertebrates share the same set
of underlying principles for other neuronal circuits,
including those that generate rhythmic movements
such as breathing, walking and chewing [14,15] and
those responsible for learning and memory [16]. 
There is one curious aspect to the prepulse inhibition
phenomenon in all animals that is well-illustrated by
prepulse inhibition in Tritonia. Prepulse inhibition at
times seems counter-productive to the well-being of
the individual in which it occurs: for example, why
would a marine mollusc prefer to process the informa-
tion related to a light touch on its body surface at the
expense of an immediately subsequent stimulus that is
likely to signal the close presence of a predator?
Regardless of its biological function, prepulse inhibition
is clearly a type of sensorimotor gating which is wired
into the CNS of many types of animals, and the fact that
the occurrence of devastating human neuropsychiatric
disorders is paralleled by its dysfunction is likely to
motivate investigators to determine whether its under-
lying mechanism in mammals mimics that of an ocean
dwelling invertebrate.
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Figure 1. Distinguishing presynaptic from postsynaptic inhibition.
(A) Classical presynaptic inhibition of a sensory afferent in the spinal cord. Spinal interneurons (black) make inhibitory synapses onto the
spinal axon terminals of sensory afferents (red). When activated, these interneurons selectively reduce or suppress the incoming action
potential at the terminal(s) of the sensory neuron at which the synapse is located, selectively reducing or eliminating transmitter release
from that terminal. The location of this synapse leaves unaffected the influence of other inputs to the postsynaptic neuron (blue). Note
that the spike initiation zone for the sensory neuron is close to the transduction site in the muscle or skin, where the sensory dendrites
are located. This spike initiation zone is too distant electrotonically to be affected by the presynaptic inhibition in the spinal cord. The
inhibitory synapse cannot be recorded in the sensory neuron soma, because it is also too far away from the site of the synapse, being
located outside the spinal cord in the dorsal root ganglion (pink circle). (B) Presynaptic inhibition of a sensory neuron with a cell body
located within a ganglion in an invertebrate CNS. As in the spinal cord, the centrally propagating action potential in this invertebrate
sensory neuron (red) is inhibited by an interneuron (black) at a synapse within the ganglionic neuropil, reducing or suppressing trans-
mitter release from that sensory neuron. Also like presynaptic inhibition in the spinal cord, the spike initiation zone is too far away to be
affected by the inhibitory synapse. But unlike the spinal cord synapse, this presynaptic inhibition is electrotonically close to the soma
and so can be recorded at that location. (C) Classical postsynaptic inhibition, depicted in an invertebrate ganglion. If the inhibitory
interneuron (black) has its synapse on the same neuron (blue) receiving an excitatory synapse from the sensory neuron (red), then the
inhibitory synapse will oppose the attempt of the excitatory synapse to cause the postsynaptic neuron to fire an action potential. At this
postsynaptic location, the inhibitory synapse will also oppose the excitatory action of many other neurons in addition to that of the
depicted sensory neuron.
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